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This  technical  memorandum  describes  the  effects  of  amplitude  and  phase  perturbations 
on  the  peak  and  average  sidelobe  levels  of  beam  patterns  obtained  from  single  line  and  twin  line 
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RANDOM  SHADING  AND  PHASING  EFFECTS  ON  THE  BEAM  PATTERN 
FOR  SINGLE  LINE  AND  TWIN  LINE  ARRAYS 


1.  INTRODUCTION 


The  hydrophone  array  is  the  critical  device  used  under  water  to  sense  the  direction 
pressure  field  properties  of  sound  waves  over  a  spatial  aperture.  The  response  of  the  hydrophone 
array  varies  with  direction  relative  to  the  array.  This  variation  with  direction  for  a  given  array 
steering  direction  specifies  the  beam  pattern  of  the  array.  A  beam  pattern  is  formed  as  a 
weighted  (shaded)  sum  of  each  array  element  output.  Similarly,  a  transmitting  array  radiation 
beam  pattern  can  be  formed  by  collecting  individual  acoustic  source  outputs.  For  any  beam 
pattern  case,  amplitude  shading  is  a  convenient  way  to  tailor  the  beam  pattern  to  a  desired  shape. 
However,  due  to  various  amplitude  and  phase  perturbations  in  either  the  hydrophone  or  the 
transmission  channel,  the  beam  pattern  will  have  imperfections  when  compared  to  the  desired 
beam  pattern  shape. 

In  this  study,  imperfections  affecting  the  amplitude  and  phase  of  the  desired  beam  pattern 
are  modeled  by  random  shading  and  phasing.  In  the  presence  of  noisy  environments  (e.g., 
channel  noise,  interfering  plane  waves)  which  interfere  at  angles  outside  the  mainlobe  of  the 
beam  pattern,  it  is  often  desirable  to  reduce  the  sidelobe  levels.  Relative  reductions  achieved 
with  a  rectangular  (RECT)  window  function  are  used  in  this  study  as  a  baseline.  Common 
practice  is  to  select  an  aperture  amplitude/phase  shading  function  that  reduces  the  sidelobes  to  an 
acceptable  peak  with  minimal  mainlobe  spreading.  Results  obtained  using  triangular  (TRIA), 
Hanning  (HANN),  Blackman  (BLAC),  and  Hamming  (HAMM)  window  functions  are  compared 
to  results  obtained  using  RECT  shading.  Effects  of  random  shading  and  phasing  on  the  peak  and 
average  sidelobe  levels  (SLLs)  of  the  beam  patterns  are  then  shown  using  simulations. 
Simulations  are  performed  using  a  single  line  towed  array  (SLTA)  and  a  twin  line  towed  array 
(TLTA). 


2.  SINGLE  LINE  TOWED  ARRAY 


Consider  the  angular  response  of  a  linear  hydrophone  array  to  a  plane  wave  signal  as  a 
function  of  the  direction  of  arrival.  Suppose  the  linear  hydrophone  array  is  aligned  with  the  x- 
axis  so  that  #is  the  angle  between  the  direction  of  arrival  and  the  x-axis  (see  figure  1).  With  this 
choice,  the  signal  received  at  any  point  in  the  array  is  a  function  only  of  0.  The  amplitude  beam 
pattern  of  a  linear  array  of  N  sensors  for  a  beam  with  a  maximum  response  axis  (MRA)  Qj  and  an 
incident  single  frequency  plane  wave  with  frequency / and  direction  of  arrival  angle  0  may  be 
written  as 
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b(0,f)  = 


N 


.co’e 


-i— d(cosd-c 


s0,)(n-l) 


n=  1 


a) 


where  A,  =  c//=  - — -  is  the  wavelength  of  the  signal, 

is  the  actual  shading  coefficient  at  the  n*  element  of  the  array,  and 
c  is  the  speed  of  sound  in  the  water. 

The  shading  coefficient  a>'„  is  related  to  the  error-free  shading  coefficient  a>„  by 


(O 


'n  =«„0  +0'', 


(2) 


where  5„  and  s„  are  the  random  amplitude  and  phase  errors,  respectively.  The  shading 
coefficients  for  an  tV  =  16  SLTA  are  presented  in  table  1 .  Figure  2  illustrates  the  peak  and 
average  SLLs  for  the  single  line  array. 


Figure  1.  Single  Line  Array  Geometry  and  Bearing  Coordinate  System 
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Table  1.  Shading  Coefficients  for  N=  16  Single  Line  Towed  Array  (SLTA) 
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Figure  2.  Peak  and  Average  SLL  versus  Single  Line  Towed  Array  Size 


3. 


TWIN  LINE  TOWED  ARRAY 


Consider  an  array  geometry  as  shown  in  figure  3.  Let  the  sensor  element  spacing  in  the 
x-  and  y-directions  be  dx  and  dy,  respectively.  Then,  the  coordinates  for  the  mn1^  hydrophone 
element  are  xm  -  mdx,  yn  =  ndy,  and  zm  n  =  0.  The  amplitude  beam  pattern  steered  in  the 
azimuthal  (AZa)  and  depression/elevation  (DE0)  angles  of  the  MRA  of  a  twin  line  array  arranged 
in  the  xy  plane  with  spacing  dx  and  dy  between  elements  may  be  written  as 


b(AZ,DE,f)  = 


^  ^ '  - ! —  (rndx  [cos(/)/.  )sm  (AZ )-cos(/)/’(,  )sln  nd.  |cos(/)£)  cos (AZ  )-  cos (DE0  )cos (AZ0  )  [) 

f  n 


SE 

1/71  =  1  «  =  1 


co  e 

mn 


(3) 


where  A,  =  df  -  - — -  is  the  signal  wavelength,  and 

(o’mn  is  the  actual  shading  coefficient  at  the  mn'h  element  of  the  array. 

The  shading  coefficient  co'mn  is  related  to  the  error-free  shading  coefficient  conm  by 


co'  =6)  (l  +  £  V*m 

mn  mn  V  mn  / 


(4) 


where  bmn  and  zmn  are  the  random  amplitude  and  phase  errors,  respectively. 


Figure  3.  Twin  Line  Array  Geometry  and  Bearing  Coordinate  System 
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As  an  example,  consider  the  beam  pattern  for  a  1 5  x  2  line  array  using  error-free  RECT 
shading  at  frequency /=  850  Hz  (see  figure  4).  Element  spacing  in  the  x-  and  y-directions  is 
0.4424  m  and  0.69  m,  respectively.  The  elements  are  phased  to  steer  the  main  beam  maximum 
response  at  90°  azimuth  and  0°  D/E.  The  peak  SLL  is  -13.4  dB  and  the  peak  backlobe  level  at 
270°  is  approximately  -47  dB. 


dx-0.28*la/n_950,  cty-0  69;  Nx-2,  Ny-15;  U850Hz;  Shading:  Rod 


Figure  4.  Twin  Line  Array  Beam  Pattern  atAZ0  =  90°  and  DE0  =  0° 


Other  error-free  shadings  were  used  to  study  the  effects  on  the  peak  and  average  SLLs,  as 
well  as  on  the  peak  backlobe  levels.  Figures  5,  6a,  6b,  and  6c  depict  the  beam  patterns  of  a  twin 
line  array  consisting  of  identical  lines  of  equally  spaced  elements.  The  beams  were  obtained 
using  equation  (3)  in  the  look  direction  of  DE0  =  0°  and  AZ0  =  90°.  Figure  5  illustrates  an  N  = 
30  twin  line  array  at /=  850  Hz,  and  figures  6a,  6b,  and  6c  illustrate  an  A  =  62  twin  line  array  at 
frequencies  750,  850,  and  950  Hz,  respectively.  The  beams  are  shaded  with  error-free  shading 
coefficients.  The  peak  SLLs  corresponding  to  the  five  shading  methods  decreased  from  -13.4  dB 
(RECT)  to  less  than  -50  dB  (HAMM).  The  effect  of  the  three  frequencies  used  can  be  observed 
from  the  peak  backlobe  level  at  270°  (see  figures  6a  -  6c).  Figures  6a  through  6c  also  illustrate 
that  the  backlobe  can  be  controlled  using  a  twin  line  array  of  identical  and  equally  spaced 
transmitters.  Furthermore,  a  matrix  projection  operator  can  be  used  to  produce  a  broadband  null 
on  the  backlobe  of  the  quiescent  beam  pattern  with  insignificant  perturbation  of  the  pattern 
remote  from  the  null. 
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TLTA  Beam  Pattern  At  850  Hz  Steering  To  90  Deg 
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Figure  5.  Beam  Pattern  Shading  for  N  =  30,  f=  850  Hz  TLTA 


TLTA  Beam  Pattern  At  750  Hz  Steering  To  90  Deg 
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Figure  6a.  Beam  Pattern  Shading  for  N=  62,  f=  750  Hz  TL  TA 
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Figure  6b.  Beam  Pattern  Shading  for  N  =  62,  f=  850  Hz  TLTA 
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Figure  6c.  Beam  Pattern  Shading  for  N  =  62,  /=  950  Hz  TLTA 
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SIMULATION  RESULTS 


The  simulation  results  for  both  SLTA  and  TLTA  are  grouped  according  to  the  number  of 
array  elements  and  the  frequencies  used.  Array  elements  selected  were  N  =  16,  32,  and  64  for  the 
SLTA  and  N=  30  and  62  for  the  TLTA.  Element  spacing  of  d—  0.69  m  was  used  for  the  SLTA. 
Element  spacing  dx  =  0.4424  m  and  dy  -  0.69  m  was  used  for  the  TLTA.  The  shading  and 
phasing  were  perturbed  using  zero-mean,  independent  random  variables  uniformly  distributed 
over  [-0. 1,0.1]  and  [-10°,  1 0°],  respectively.  The  range  of  randomness  accounts  for  20%  of  the 
maximum  amplitude  value  of  1 .  The  perturbation  variance  is  25  dB  below  the  maximum 
amplitude.  Simulation  results  were  obtained  by  ensemble  averaging  50  runs  wherein  statistically 
independent  perturbations  of  amplitude  alone,  phase  alone,  and  amplitude  and  phase  together 
were  generated. 


4.1  SINGLE  LINE  TOWED  ARRAY 

Figures  7a  through  9b  show  the  peak  and  average  SLLs  of  beam  patterns  obtained  by 
perturbing  the  various  shading  coefficients  in  amplitude  and  phase.  Random  shading  effects  on 
the  peak  and  average  SLLs  for  the  SLTA  are  shown  in  figures  7a,  8a,  and  9a.  Similarly,  the 
effects  of  phase  errors  are  shown  in  figures  7b,  8b,  and  9b.  Figures  7c,  7d,  8c,  and  8d  show  the 
combined  effects  of  simultaneous  random  amplitude  and  phase  on  peak  and  average  SLLs. 
Amplitude  shading  and  phasing  effects  were  compared  to  the  error-free  shading  and  phasing  by 
referring  to  the  peak  and  average  SLLs  corresponding  to  a  =  0  and  p  =  0.  The  figures  show  that 
increasing  the  uniform  probability  function  spread  parameters  a  and  p  raises  the  amplitude  of  the 
SLL.  Generally,  phase  random  errors  seemed  to  have  a  greater  effect  on  the  SLLs  than 
amplitude.  This  phase  effect  is  easily  observed  on  HANN,  BLAC,  and  HAMM  shading.  Three 
cases  are  delineated  for  the  single  line  towed  array. 


•  Case  la: 

•  Case  lb: 

•  Case  lc: 


N=  1 6,/  =  850  Hz  (shown  in  figures  7a  through  7d) 
N  =  32, /  =  850  Hz  (shown  in  figures  8a  through  8d) 
N  =  64,/=  850  Hz  (shown  in  figures  9a  and  9b) 


Figures  7a  and  7b  depict  a  single  line  array  with  N  =  16,/=  850  Hz  (case  la).  Peak  SLLs 
using  RECT,  TRIA,  and  HANN  shading  are  shown  to  be  the  least  sensitive  to  random  shading 
and  phasing  effects.  For  average  SLL,  the  least  sensitive  to  phase  perturbation  is  RECT  shading; 
however,  its  peak  SLL  is  high.  In  all  the  other  shading  schemes,  the  average  SLL  increased  as 
the  amplitude  or  phase  errors  were  increased.  As  is  apparent  from  these  graphics,  random 
shading  effects  on  peak  and  average  SLLs  were  less  pronounced  than  random  phasing  effects.  If 
only  amplitude  errors  are  considered,  HANN  shading  is  preferred  over  the  other  methods  for 
being  one  of  the  least  sensitive  and  having  low  (about  -30  dB)  peak  SLL.  However,  TRIA 
shading  is  the  best  choice  if  both  amplitude  and  phase  effects  are  considered. 
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Figures  7c  and  7d  are  three-dimensional  (3D)  to  show  the  combined  amplitude  and  phase 
perturbation  effects  on  the  sidelobe  levels.  The  peak  and  average  SLLs  increased  as  a  result  of 
increasing  both  amplitude  and  phase  errors. 

Case  la  considers  the  SLTA  for  N=  16, /  =  850  Hz  (figures  7a  through  7d). 


N«  16  d«  0  69  1-  850  lam-  1  7647,  AmpMude-[-a,a] 


a  (Uniform  random  number  interval ) 


Figure  7a.  Random  Shading  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  =  16,  f=  850  Hz  SLTA 
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N-  16  d»0.69  1- 850  lam- 17647,  PhasH-p.p) 


0 

Rwl 

+ 

Trta 

• 

Ham 
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Blac 

Hamm 

0 

Racl 

+ 

Tria 

• 

Hann 

— 

Blac 

-  Hamm 

Figure  7b.  Random  Phasing  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  =  76,/=  850  Hz  SLTA 


N- 16  d-  0.69  <•  850  lama  1.765,  Amptlude-[-a*) .  Phaat-[-pp] 


Figure  7c.  Random  Shading  and  Phasing  Error  Effects  on  the  Peak  SLL  of  Beam  Patterns 

for  N  =  76,/=  850  Hz  SLTA 
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N»  16  d-  0.69  t-  850  lam-  1.765,  AnvfUta~|-i,i] .  PlMM~[-pj)j 


Figure  7d.  Random  Shading  and  Phasing  Error  Effects  on  the  Average  SLL  of  Beam 

Patterns  for  N  =  16,  f=  850  Hz  SLTA 


The  simulations  were  repeated  using  the  larger  array  sizes,  N=  32  (case  lb)  and  N=  64 
(case  lc).  Figures  8a  through  8d  depict  case  lb.  Figures  9a  and  9b  illustrate  case  lc.  The  effects 
of  a  larger  array  size,  as  well  as  shading  and  phasing  errors,  were  observed.  Larger  array  sizes 
produced  lower  average  SLL  beam  patterns  (see  figure  2);  however,  the  peak  SLL  of  a  larger 
array  size  was  only  slightly  lower  than  that  of  a  smaller  array.  Therefore,  the  effect  of  errors  due 
to  shading  and  phasing  on  the  average  SLLs  would  be  expected  to  be  less  pronounced.  This 
effect  can  be  observed  by  comparing  the  results  of  the  single  line  array  of  length  A  =  16  versus 
N  =  64.  The  plots  indicate  that  RECT,  TR1A,  and  HANN  are  not  very  sensitive  to  amplitude 
shading.  These  indications  are  observed  by  the  almost  constant  values  of  the  three  shading 
schemes.  BLAC  and  HAMM  shading  are  very  sensitive  to  amplitude  shading.  For  example,  for 
N=\6,  the  peak  deviations  of  BLAC  and  HAMM  are  about  25  and  8  dB,  respectively.  Cases  of 
N  =  32  and  64  also  exhibit  similar  deviations.  Table  2  lists  the  shading  coefficients  for  an  N  =  32 
SLTA.  Table  3  lists  the  shading  coefficients  for  an  N  =  64  SLTA. 

Independent  of  the  array  size,  the  curves  show  that  RECT  shading  is  the  least  sensitive  to 
phase  perturbation.  The  peak  and  average  SLLs  of  the  beam  pattern  when  using  HANN,  BLAC, 
and  HAMM  shading  seem  to  converge  to  the  same  values.  Aside  from  RECT  shading,  the  peak 
and  average  SLLs  seem  to  converge  to  the  same  values.  Hence,  the  amplitude  shading  method 
with  the  largest  error- free  peak  and  average  SLL  deviations  corresponds  to  the  least  sensitive  to 
perturbation.  Again,  TRIA  shading  outperformed  the  other  shading  methods. 
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Case  lb  considers  the  SLTA  for  N=  32,/=  850  Hz  (figures  8a  through  8d). 


N-  32  d-  0.69  U  850  lanw  t  7647.  Amplitude- [-a, a] 


0 

Rod 

+ 

Trta 

• 

Harm 

— 

Bloc 

Hamm 

N-  32  d-  0.69  t-  850  lam-  1  7647,  Amp«ude-[^a.a] 


0 

Reel 

+ 

Tria 

* 

Hann 

— 

Blac 

Hamm 

Figure  8a.  Random  Shading  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  =  32,  f-  850  Hz  SLTA 


N-  32  d-  0  69  1.  850  lam.  1  7647.  Phase-f-p.p] 
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Figure  8b.  Random  Phasing  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  =  32,  f  -  850  Hz  SLTA 
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N>  32  d>  0.69  f.  850  tarn.  1.765,  Anp«tud«~[-Ml ,  Ptv  -[-p.p] 


Figure  8c.  Random  Shading  and  Phasing  Error  Effects  on  the  Peak  SLL  of  Beam  Patterns 

for  N  =  32,  f=  850  Hz  SLTA 


N-32  d-  0.69  1-850  lam- 1.765,  Amp»ud«-(-M] ,  PhM*-[-pp| 


Figure  8d.  Random  Shading  and  Phasing  Error  Effects  on  the  Average  SLL  of  Beam 

Patterns  for  N  =  32 ,/=  850  Hz  SLTA 
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Case  lc  considers  the  SLTA  for  N  =  64,/  =  850  Hz  (figures  9a  and  9b). 


N-  64  d-0.69  U  850  lam-  1 .7647,  AmpWud&~[-a.a) 


N-  64  d-  0  69  u  850  lam- 1  7647.  AmpMude~[-a,a] 


0 

Reel 

+ 

Tria 
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Hamm 

Figure  9a.  Random  Shading  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  =  64,  f-  850  Hz  SLTA 


N.  64  4.  0  89  I.  860  lam.  1  7647.  Phase ~|-p,p] 
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Figure  9b.  Random  Phasing  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N=  64,  f=  850  Hz  SLTA 
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4.2  TWIN  LINE  TOWED  ARRAY 


As  in  the  single  line  array  case,  shading  coefficients  perturbed  in  amplitude  and  phase 
were  used  to  study  the  effects  on  the  peak  and  average  SLLs  of  various  beam  patterns  of  the  twin 
line  towed  array  (TLTA).  These  effects  were  also  observed  as  a  function  of  array  size  and 
frequency.  Array  lengths  of  N=  16,  32,  and  64  were  used  in  the  single  line  array  simulations. 
The  sizes  used  in  the  twin  line  array  simulations  were  N=  30  and  62.  Comparisons  of  array 
length  N  =  32  and  64  of  the  single  line  array  were  made  against  N=  30  and  62  of  the  twin  line 
array,  respectively.  Cases  2a  and  2b  show  the  simulation  study  plots  of  the  TLTA  at  various 
frequencies  for  N=  30  and  N=  62,  respectively.  Case  2a  is  illustrated  in  figures  10a  through 
12b.  Case  2b  is  depicted  in  figures  13a  through  15b. 

Figures  10a  through  12b  for  the  twin  line  array  show  results  generally  similar  to  those 
obtained  using  the  single  line  array  and  nearly  identical  results  at  850  Hz.  The  average  SLL 
simulation  results  of  the  twin  line  array  are  as  robust  as  the  single  line  array  case.  The  only 
difference  is  that  all  results  except  those  using  RECT  shading  (5  dB  lower)  were  ~  5  dB  higher 
than  results  for  the  single  line  array.  At  750  and  950  Hz,  twin  line  array  simulation  results  were 
different  than  the  various  patterns  (especially  peak  SLL)  observed  on  both  arrays  at  850  Hz. 
These  effects  are  due  to  the  presence  of  backlobe  with  levels  that  are  perturbation  insensitive 
when  using  the  twin  line  array.  For  RECT  shading,  the  peak  SLL  (-13  dB)  at  about  105°  (as  in 
the  single  line  array  case)  was  larger  than  the  peak  backlobe  level  (-15  dB);  hence,  the  peak  SLL 
simulation  results  using  RECT  shading  were  unaffected  by  the  backlobe  levels  of  twin  line 
arrays.  However,  the  other  shading  schemes  at  frequencies  other  than  at  or  near  850  Hz  were  all 
affected  by  the  backlobe  levels  (see  figures  10a  through  12b)  created  at  270°. 

Another  expected  difference  between  the  twin  line  array  simulations  at  850  Hz  was  the 
effect  caused  on  the  sidelobe  level  by  the  increased  array  length.  Because  a  larger  array  size 
results  in  a  smaller  SLL,  the  peak  and  average  SLLs  will  be  less  sensitive  to  shading  and  phasing 
errors.  This  contrast  can  be  observed  by  the  examples  shown  in  figures  lib  and  14b.  The  only 
notable  difference  between  figure  7  of  the  single  line  array  ( N  =  16,/  =  850  Hz)  and  figure  14  of 
the  twin  line  array  (N=  62,/=  850  Hz)  on  the  peak  SLL  is  with  the  BLAC  and  HAMM  shading 
methods.  However,  the  effects  of  array  size  on  the  average  SLL  are  clearly  shown  regardless  of 
shading  methods  used.  BLAC  and  HAMM  shading  are  more  sensitive  to  random  shading  when 
applied  to  a  twin  line  array. 

The  overall  shading  perturbation  effects  on  the  twin  line  array  were  very  similar  to  the 
effects  on  the  single  line  array.  Whether  the  errors  are  from  amplitude  or  phase,  Tria  shading  is 
the  best  choice  for  low  peak  SLL  and  the  least  sensitive  to  amplitude  and  phase  perturbations. 
Therefore,  for  the  twin  line  array  when  backlobe  level  is  minimum,  TRIA  shading  is  best  suited; 
otherwise,  any  shading  method  other  than  RECT  may  be  used.  The  effects  of  backlobe  levels  on 
the  peak  average  SLL  were  much  more  severe  than  the  effects  of  array  size  and  amplitude  or 
phase  perturbation.  So,  any  significant  backlobe  level  must  be  nulled.  Lobe  nulling  methods  are 
straightforward  and  are  documented  in  the  context  of  broadband  transmit  array  radiation  pattern 
control  in  reference  1 
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Case  2a  considers  the  TLTA  with  N  =  30  at/=  750  Hz  in  figures  10a  and  10b;  N  =  30  at 
/=  850  Hz  in  figures  11a  and  lib;  and  N  =  30  at/=  950  Hz  in  figures  12a  and  12b. 
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Figure  10a.  Random  Shading  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

forN  =  30,f=  750  Hz  TLTA 
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Figure  10b.  Random  Phasing  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  =  30 ,/=  750  Hz  TLTA 
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Figure  11a.  Random  Shading  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  =  30,  f=  850  Hz  TL  TA 


N x-  2  Ny-  15  dx-  0.4424  dy-  0.69  t-  850  iU  1 .7647 


0 

Rad 

+ 

Trta 

• 

Harm 

— 

Blac 

Hamm 

0 

Reel 

+ 

Tria 

a 

Hann 

— 

Blac 

Hamm 

Figure  lib.  Random  Phasing  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for N  =  30,  f=  850  Hz  TLTA 
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Figure  12a.  Random  Shading  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  =  30,f=  950  Hz  TLTA 
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Figure  12b.  Random  Phasing  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  =  30,  f=  950  Hz  TLTA 
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Case  2b  considers  the  TLTA  with  N  =  62  at /=  750  Hz  in  figures  13a  and  13b;  N=  62  at 
/=  850  Hz  in  figures  14a  and  14b;  and  N  =  62  at /=  950  Hz  in  figures  15a  and  15b. 
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Figure  13a.  Random  Shading  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N=62,f=  750  Hz  TLTA 
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Figure  13  b.  Random  Phasing  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

forN=62,f=  750  Hz  TLTA 
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Figure  14a.  Random  Shading  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  —62,f  =  850  Hz  TLTA 
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Figure  14b.  Random  Phasing  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for N  =  62,  f  =  850  Hz  TLTA 
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Figure  15a.  Random  Shading  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N  =62,  f=  950  Hz  TLTA 
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Figure  15b.  Random  Phasing  Effects  on  the  Peak  and  Average  SLL  of  Beam  Patterns 

for  N=  62,  f=  950  Hz  TL  TA 
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5.  SUMMARY 


The  effects  of  amplitude  and  phase  random  perturbations  on  the  peak  and  average 
sidelobe  levels  of  beam  patterns  for  single  line  and  twin  line  arrays  were  studied.  Rectangular, 
triangular,  Hanning,  Blackman,  and  Hamming  shading  schemes  were  compared  from  the 
standpoint  of  average  and  peak  sidelobe  level.  Results  lfom  the  single  line  and  twin  line  towed 
arrays  are  very  similar.  When  the  backlobe  level  from  the  twin  line  array  pattern  is  suppressed, 
the  only  notable  difference  is  due  to  array  size.  Effects  of  amplitude  and  phase  errors  were  less 
pronounced  on  the  larger  array  sizes.  When  using  the  rectangular  shading  for  the  single  line 
array,  the  peak  and  average  SLLs  were  about  -13.4  dB  and  less  than  -30  dB,  respectively.  BLAC 
shading  gave  the  smallest  peak  and  average  SLLs.  Triangular  shading  gave  sufficiently  low  peak 
SLL  (<  -25  dB)  and  average  SLL  (<  -35  dB)  and  was  the  least  sensitive  to  amplitude  and  phase 
errors.  Hence,  triangular  shading  is  preferred  over  the  other  shading  methods  (rectangular, 
Hanning,  Blackman,  and  Hamming). 
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